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0RGqOH SDU pOpPHQWV GLVFUHWV SRXU O¶pWXGH GX FRPSRUWHPHQW G\
QDPLTXH G¶XQ PDWpULDX pODVWLTXH
0pWKRGRORJLH GH TXDQWLI FDWLRQ GHV SDUDPqWUHV PLFURVFRSLTXHV
' $QGUp , ,RUGDQRII - / &KDUOHV - 1pDXSRUW
 ,0'X0$6 805  &156 $UWV HW 0pWLHUV 3DULV7HFK 7DOHQFH )UDQFH GDPLHQDQGUH#ODPHIERUGHDX[HQVDPIU
 ,0'X0$6 805  &156 $UWV HW 0pWLHUV 3DULV7HFK 7DOHQFH )UDQFH LRUGDQRII#ODPHIERUGHDX[HQVDPIU
 ,0'X0$6 805  &156 $UWV HW 0pWLHUV 3DULV7HFK 7DOHQFH )UDQFH MOF#ODPHIERUGHDX[HQVDPIU
 &($ &(67$ ) /H %DUS )UDQFH -(520(1($83257#SURMHWOPMRUJ
5pVXPp² /H FRPSRUWHPHQW PpFDQLTXH GHV PDWpULDX[ HVW JpQpUDOHPHQW VLPXOp SDU GHV DSSURFKHV LV
VXHV GH OD PpFDQLTXH GHV PLOLHX[ FRQWLQXV &HSHQGDQW ORUVTX¶LO V¶DJLW GH VLPXOHU GHV SKpQRPqQHV GH
PXOWL I VVXUDWLRQV YRLU GH PXOWL IUDFWXUDWLRQV OHV PRGqOHV GH OD PpFDQLTXH GLVFUqWH V¶DYqUHQW PLHX[ DGDS
WpV FDU LOV SUHQQHQW HQ FRPSWH QDWXUHOOHPHQW OHV GLVFRQWLQXLWpV JpQpUpHV SDU OHV LQWHUIDFHV /D GLII FXOWp
HVW DORUV GH V¶DVVXUHU TX¶XQH DSSURFKH SDU pOpPHQWV GLVFUHWV '(0 SHUPHW ELHQ GH UHWURXYHU OH FRP
SRUWHPHQW PpFDQLTXH DX VHQV GH OD PpFDQLTXH GHV PLOLHX[ FRQWLQXV &HW DUWLFOH SURSRVH XQH PpWKRGROR
JLH SHUPHWWDQW j SDUWLU GHV GRQQpHV FRQQXHV GX PDWpULDX j VLPXOHU PRGXOH GH <RXQJ FRHII FLHQW GH
3RLVVRQ FpOpULWp GH SURSDJDWLRQ GHV RQGHV GH TXDQWLI HU OHV SDUDPqWUHV © PLFURVFRSLTXHV ª GX PRGqOH
'(0
0RWV FOpV²'(0 pOpPHQW GLVFUHW PRGqOH FRQWLQX PRGqOH GLVFUHW FDOLEUDWLRQ
/H PRGqOH pOpPHQW GLVFUHW SHUPHW GH GpFULUH DVVH] QDWXUHOOHPHQW XQ PLOLHX JUDQXODLUH &¶HVW DLQVL
TX¶LO IW SRXU OD SUHPLqUH IRLV HPSOR\p HQ  >@ 3OXV UpFHPPHQW GHV DXWHXUV RQW PLV j SURI W FHWWH
PpWKRGH SRXU O¶pWXGH GH O¶HQGRPPDJHPHQW GH VROLGHV KpWpURJqQHV FRPPH OHV EpWRQV >@ OHV URFKHV >@
RX GH PDWpULDX[ KRPRJqQHV FRPPH OHV FpUDPLTXHV >@
'DQV OH FDGUH GH OD WKqVH © PRGpOLVDWLRQ SDU pOpPHQWV GLVFUHWV GHV SKDVHV G¶pEDXFKDJH HW GH GRXFLV
VDJH GH OD VLOLFH ª OH PLOLHX OH YHUUH GH VLOLFH HVW VXSSRVp KRPRJqQH /H SKpQRPqQH pWXGLp HVW OD I VVXU
DWLRQ LQWHUYHQDQW DX FRXUV GH O¶RSpUDWLRQ GH VXUIDoDJH SDU VROOLFLWDWLRQV F\FOLTXHV GHV SDUWLFXOHV DEUDVLYHV
VXU OH PDWpULDX DEUDVp >@ &HV I VVXUDWLRQV VRQW QpFHVVDLUHV j O¶RSpUDWLRQ GH VXUIDoDJH SXLVTX¶HOOHV SHU
PHWWHQW O¶HQOqYHPHQW GH PDWLqUH 7RXWHIRLV FHUWDLQHV G¶HQWUH HOOHV VXEVLVWHQW HW VH UpYqOHQW QpIDVWHV TXDQW
j O¶XWLOLVDWLRQ XOWpULHXUH GX FRPSRVDQW RSWLTXH >@
/¶DSSURFKH SDU pOpPHQWV GLVFUHWV SHUPHW QDWXUHOOHPHQW GH UHSUpVHQWHU OHV GLVFRQWLQXLWpV DX VHLQ GX
PDWpULDX 3DU FRQWUH OHV ORLV GH FRPSRUWHPHQW GH OD PpFDQLTXH GHV PLOLHX[ FRQWLQXV QH SRXYDQW rWUH
GLUHFWHPHQW DSSOLTXpHV OD PRGpOLVDWLRQ GHV SURSULpWpV pODVWLTXHV HW G\QDPLTXHV HVW SOXV SUREOpPDWLTXH
(Q IDLW OH FRPSRUWHPHQW G¶XQ GRPDLQH GLVFUHW j O¶pFKHOOH GH OD VWUXFWXUH HVW OH UpVXOWDW G¶XQH PXOWLWXGH
G¶LQWHUDFWLRQV pOpPHQWDLUHV j O¶pFKHOOH PLFURVFRSLTXH $LQVL OHV FRPSRUWHPHQWV PDFURVFRSLTXHV QH VRQW
TXH GLII FLOHPHQW SUpGLFWLEOHV (Q FH VHQV LO SHXYHQW rWUH TXDOLI pV GH SURSULpWpV pPHUJHQWHV > SUHIDFH@
,O HVW GRQF QpFHVVDLUH GH FDOLEUHU OHV SURSULpWpV PLFURVFRSLTXHV GH IDoRQ j REWHQLU OHV SURSULpWpV
GpVLUpHV j O¶pFKHOOH PDFURVFRSLTXH 'DQV OH FDV GH GRPDLQHV GLVFUHWV RUGRQQpV XQH DSSURFKH DQDO\WLTXH
SHUPHW GH UpVRXGUH FH SUREOqPH >@ 0DLV FHWWH DSSURFKH QH SHXW rWUH DSSOLTXpH GDQV OH FDV GH GRPDLQHV
GpVRUGRQQpV ,O HVW DORUV QpFHVVDLUH GH UHFRXULU j GHV HVVDLV GH FDOLEUDWLRQ > @
&HW DUWLFOH V¶LQWpUHVVH j OD VLPXODWLRQ GH PDWpULDX[ pODVWLTXHV KRPRJqQHV HW LVRWURSHV /H PDWpULDX GH
UpIpUHQFH HVW OH YHUUH GH VLOLFH HQ UHODWLRQ DYHF OD SUREOpPDWLTXH FLGHVVXV /H PRGqOH '(0 UHWHQX HVW GH
W\SH G\QDPLTXH H[SOLFLWH EDVp VXU XQH UHSUpVHQWDWLRQ VSKpULTXH ' GHV pOpPHQWV GLVFUHWV /HV pOpPHQWV
GLVFUHWV LQWHUDJLVVHQW PpFDQLTXHPHQW HQWUH HX[ SDU O¶LQWHUPpGLDLUH GH OLDLVRQV FRKpVLYHV GH W\SH SRXWUH
/H PRGqOH UHWHQX HVW SURFKH GH FHOXL XWLOLVp GDQV >@
'DQV XQ SUHPLHU WHPSV OH PRGqOH GH OLDLVRQ FRKpVLYH SRXWUH VHUD LQWURGXLW /D GHX[LqPH SDUWLH VHUD
GpGLpH j OD YDOLGDWLRQ GX GRPDLQH LQLWLDO /D WURLVLqPH HW TXDWULqPH SDUWLH VHUD FRQVDFUpH j OD GHVFULSWLRQ
GH PpWKRGRORJLHV GH FDOLEUDWLRQ GHV SURSULpWpV PLFURVFRSLTXHV &HV PpWKRGHV VHURQW I QDOHPHQW PLVHV
HQ RHXYUH SXLV YDOLGpHV DX FRXUV G¶XQH FLQTXLqPH SDUWLH

 0RGqOH GH OLDLVRQ FRKpVLYH SRXWUH
/D I JXUH D LOOXVWUH OD OLDLVRQ FRKpVLYH GH W\SH SRXWUH DX VHLQ G¶XQ GRPDLQH GLVFUHW /D IRUPH FKRLVLH
HVW GH W\SH F\OLQGULTXH (OOH SHUPHW GH GpFULUH VD JpRPpWULH DYHF VHXOHPHQW GHX[ SDUDPqWUHV  ORQJXHXU /
HW UD\RQ U  'HX[ SDUDPqWUHV PpFDQLTXHV VRQW pJDOHPHQW DVVRFLpV  PRGXOH GH <RXQJ ( HW FRHII FLHQW
GH 3RLVVRQ ν
/D I JXUH E LOOXVWUH XQH OLDLVRQ FRKpVLYH SRXWUH GDQV XQ pWDW GpIRUPp /HV H[WUpPLWpV GH OD SRXWUH
VRQW HQFDVWUpHV DX FHQWUH GHV pOpPHQWV GLVFUHWV 2 HW 2 /D SRXWUH HVW FRQVLGpUpH FRPPH UHOD[pH
ORUVTXH O¶D[H (2,
−→
;) DSSDUWHQDQW j O¶pOpPHQW GLVFUHW  HW O¶D[H (2,
−→
;) DSSDUWHQDQW j O¶pOpPHQW GLVFUHW











SHUPHW GH GpI QLU OHV URWDWLRQV GHV VHFWLRQV GURLWHV DX[ H[WUpPLWpV
−→θ HW
−→θ DLQVL TXH O¶DOORQJHPHQW Δ/ /HV
GpI H[LRQV RX I qFKHV HQ 2 HW 2 VRQW QXOOHV '¶DSUpV OHV ORLV GH OD UpVLVWDQFH GHV PDWpULDX[ DSSOLTXpHV






































































)%/'( HVW OD IRUFH GH UpDFWLRQ GH OD SRXWUH VXU O¶pOpPHQW GLVFUHW 
±
−−−−→
)%/'( HVW OD IRUFH GH UpDFWLRQ GH OD SRXWUH VXU O¶pOpPHQW GLVFUHW 
±
−−−−→
7%/'( HVW OH PRPHQW GH UpDFWLRQ GH OD SRXWUH VXU O¶pOpPHQW GLVFUHW 
±
−−−−→
7%/'( HVW OH PRPHQW GH UpDFWLRQ GH OD SRXWUH VXU O¶pOpPHQW GLVFUHW 
± / HVW OD ORQJXHXU LQLWLDOH GH OD SRXWUH
± Δ/ HVW O¶DOORQJHPHQW GH OD SRXWUH
±
−→θ(θ[,θ\,θ]) HVW OD URWDWLRQ GH OD VHFWLRQ GURLWH DX SRLQW 2
±
−→θ(θ[,θ\,θ]) HVW OD URWDWLRQ GH OD VHFWLRQ GURLWH DX SRLQW 2
± 6 HVW OD VHFWLRQ GH OD SRXWUH
± ,R HVW OH PRPHQW TXDGUDWLTXH SRODLUH GH OD VHFWLRQ GH OD SRXWUH





± ( HVW OH PRGXOH GH <RXQJ GH OD SRXWUH
± * HVW OH PRGXOH GH FLVDLOOHPHQW GH OD SRXWUH











/HV SRXWUHV QH SRVVqGHQW SDV GH SDUDPqWUH GH PDVVHV /HV SURSULpWpV PDVVLTXHV VRQW UHSRUWpHV VXU OHV
pOpPHQWV GLVFUHWV
 9DOLGDWLRQ GX GRPDLQH FRPSDFW LQLWLDO
/H GRPDLQH LQLWLDO GRLW rWUH HQ DFFRUG DYHF OHV SURSULpWpV VWUXFWXUHOOHV GX PDWpULDX j VLPXOHU 'DQV
OH FDV GH OD VLOLFH KRPRJqQH HW LVRWURSH /D GLVSRVLWLRQ JpRPpWULTXH GX GRPDLQH LQLWLDO LPSDFWH OH FRP
SRUWHPHQW PpFDQLTXH GX PDWpULDX VLPXOp
'HV FRQI JXUDWLRQV JpRPpWULTXHV RUGRQQpHV IDYRULVHQW O¶DSSDULWLRQ GH FRPSRUWHPHQWV PpFDQLTXHV
DQLVRWURSHV HW VRQW GRQF j SURVFULUH > @ 'H SOXV GDQV OH FDV GH VLPXODWLRQ '(0 j EDVH G¶pOpPHQWV
VSKpULTXHV LO H[LVWH GHV ]RQHV YLGHV HQWUH SDUWLFXOHV 3RXU UpGXLUH FHV ]RQHV GH YLGHV LQGpVLUDEOHV XQH
 3RXU GLVWLQJXHU OHV SDUDPqWUHV PLFURV GHV SDUDPqWUHV PDFURV OHV SDUDPqWUHV PLFURV VRQW DQQRWpV GH O¶LQGH[ ¶¶ HW OHV
SDUDPqWUHV PDFURV GH O¶LQGH[ ¶0¶

D /LDLVRQ FRKpVLYH SRXWUH DX VHLQ G¶XQ GRPDLQH GLV
FUHW
E 3DUDPpWUDJH GH OD OLDLVRQ FRKpVLYH SRXWUH
),*85(  ± ,OOXVWUDWLRQ GH OD OLDLVRQ FRKpVLYH SRXWUH
SKDVH GH FRPSDFWLRQ GX GRPDLQH LQLWLDO HVW QpFHVVDLUH 'LIIpUHQWV DOJRULWKPHV GH FRPSDFWLRQ H[LVWHQW 
GHV PpWKRGHV G\QDPLTXHV > @ RX GHV PpWKRGHV JpRPpWULTXHV >@
/¶LQWURGXFWLRQ G¶XQ DOpD DX QLYHDX GHV UD\RQV GHV pOpPHQWV GLVFUHWV IDYRULVH O¶DSSDULWLRQ GH GRPDLQHV
GpVRUGRQQpV 3RXU GHV GLVSHUVLRQV IDLEOHV OH GRPDLQH JpQpUp SDU FRPSDFWLRQ HVW GH W\SH 5DQGRP &ORVH
3DFNLQJ 5&3 >@ 3RXU V¶DVVXUHU GH OD FRQIRUPLWp GX GRPDLQH JpQpUp OH QRPEUH GH FRRUGLQDWLRQ 
GRLW rWUH SURFKH GH  >@ HW OD IUDFWLRQ YROXPLTXH  SURFKH GH  >@
8Q DXWUH SDUDPqWUH JpRPpWULTXH GX GRPDLQH LPSDFWH IRUWHPHQW OH FRPSRUWHPHQW PpFDQLTXH  O¶DQLVRWURSLH
JpRPpWULTXH &DPERX GDQV > ,QWURGXFWLRQ@ GpI QLW FH SDUDPqWUH FRPPH pWDQW OD UpSDUWLWLRQ GHV
GLUHFWLRQV GHV FRQWDFWV GDQV O¶HVSDFH 6L FHWWH UpSDUWLWLRQ HVW SDUIDLWHPHQW KRPRJqQH OH GRPDLQH HVW
FRQVLGpUp FRPPH JpRPpWULTXHPHQW LVRWURSH 'DQV OH FDGUH GH VLPXODWLRQV GH PDWpULDX[ PpFDQLTXHPHQW
LVRWURSHV FHWWH DQLVRWURSLH JpRPpWULTXH GRLW rWUH PLQLPDOH $I Q GH FDUDFWpULVHU FH SDUDPqWUH XQH PpWK
RGH GH PHVXUH RULJLQDOH HW LQWXLWLYH D pWp GpYHORSSpH
8Q VROLGH SODWRQLTXH JpRGH FRPSRUWDQW  IDFHWWHV GH PRUSKRORJLH VLPLODLUH SHUPHW GH GLVFUpWLVHU
O¶HVSDFH ' HQ DQJOH VROLGH GLVFUHW /H YROXPH UHOLDQW OH FHQWUH GH OD JpRGH j XQH IDFHWWH FRUUHVSRQG j
XQ DQJOH VROLGH 6L OD GLUHFWLRQ G¶XQ FRQWDFW HVW FRPSULVH GDQV O¶DQJOH VROLGH DORUV FHOXLFL HVW DMRXWp DX
JURXSH FRUUHVSRQGDQW &H SURFpGp SHUPHW GH UHJURXSHU OHV FRQWDFWV VXLYDQW OHXUV GLUHFWLRQV SULYLOpJLpHV
/H SRLGV GH FKDTXH JURXSH FRUUHVSRQG DX QRPEUH GH FRQWDFWV GRQW OD GLUHFWLRQ HVW FRPSULVH GDQV O¶DQJOH
VROLGH GH FH JURXSH /¶DQLVRWURSLH HVW DORUV GpI QLH SDU O¶pFDUW W\SH GX SRLGV GH FHV JURXSHV
/D I JXUH  UHSUpVHQWH O¶pYROXWLRQ GH O¶pFDUW W\SH HQ IRQFWLRQ GH OD GLVSHUVLRQ XQLIRUPH DSSOLTXpH
DX UD\RQ GHV pOpPHQWV GLVFUHWV VXU GHV GRPDLQHV FRPSRUWDQW XQ JUDQG QRPEUH GH SDUWLFXOHV HQYLURQ 
 /¶pYROXWLRQ PRQWUH XQH FRQYHUJHQFH DLQVL TX¶XQH YDOHXU PLQLPDOH GH O¶DQLVRWURSLH JpRPpWULTXH
SRXU XQH GLVSHUVLRQ UDGLDOH GH   &HV UpVXOWDWV VRQW HQ DFFRUG DYHF FHX[ REVHUYpV SDU /XGLQJ >
FKDSWHU @ 3RXU OH UHVWH GH O¶pWXGH OD YDOHXU GH   GH GLVSHUVLRQ UDGLDOH VHUD DSSOLTXpH
8QH DXWUH LQWHUURJDWLRQ SRUWH VXU OH QRPEUH PLQLPXP G¶pOpPHQWV GLVFUHWV SHUPHWWDQW G¶DVVXUHU GHV
SURSULpWpV JpRPpWULTXHV VWDEOHV /HV I JXUHV D E HW F PRQWUHQW O¶pYROXWLRQ GH OD IUDFWLRQ YROXPLTXH
GX QRPEUH GH FRRUGLQDWLRQ HW GH O¶DQLVRWURSLH HQ IRQFWLRQ GX QRPEUH G¶pOpPHQWV GLVFUHWV SRXU XQ YRO
XPH HQJOREDQW FRQVWDQW GH  P &HV FRXUEHV PRQWUHQW XQH FRQYHUJHQFH GHV UpVXOWDWV SRXU XQ QRPEUH
G¶HQYLURQ   pOpPHQWV ,O HVW SRVVLEOH DORUV GH GpI QLU XQ FULWqUH ' pJDO j / VRLW HQYLURQ ,
 &DOLEUDWLRQ GHV SDUDPqWUHV pODVWLTXHV
/HV OLDLVRQV FRKpVLYHV SRXWUHV VRQW LQWURGXLWHV DSUqV OD SKDVH GH FRPSDFWLRQ GX GRPDLQH  j FKDTXH
FRQWDFW HVW DVVRFLp XQH OLDLVRQ FRKpVLYH 'DQV OD VXLWH GH O¶pWXGH OHV FRQWDFWV QH VRQW SOXV SULV HQ FRPSWH
6HXOHV OHV UpDFWLRQV GHV OLDLVRQV FRKpVLYHV SRXWUHV VRQW FDOFXOpHV
 1RPEUH PR\HQ GH FRQWDFWV SDU pOpPHQW GLVFUHW
 5DSSRUW HQWUH YROXPHV HIIHFWLIV RFFXSpV SDU OHV pOpPHQWV GLVFUHWV VXU OH YROXPH HQJOREDQW

),*85(  ± eYROXWLRQ GH O¶DQLVRWURSLH JpRPpWULTXH HQ IRQFWLRQ GH OD GLVSHUVLRQ DSSOLTXpH DX UD\RQ GHV
pOpPHQWV GLVFUHWV
D )UDFWLRQ 9ROXPLTXH E 1RPEUH GH FRRUGLQDWLRQ F $QLVRWURSLH JpRPpWULTXH
),*85(  ± eYROXWLRQ GHV SDUDPqWUHV JpRPpWULTXHV HQ IRQFWLRQ GX QRPEUH G¶pOpPHQWV GLVFUHWV
$I Q GH PHVXUHU QXPpULTXHPHQW OH PRGXOH GH <RXQJ (0 HW OH FRHII FLHQW GH 3RLVVRQ ν0 PDFUR
VFRSLTXH XQ pFKDQWLOORQ QXPpULTXH GH IRUPH F\OLQGULTXH YRLU I JXUH  HVW VRXPLV j XQ HVVDL GH WUDFWLRQ
TXDVL VWDWLTXH &RQQDLVVDQW OD JpRPpWULH GX GRPDLQH GLVFUHW DLQVL TXH OH FKDUJHPHQW DSSOLTXp OHV YDOHXUV
GHV SURSULpWpV PDFURVFRSLTXHV SHXYHQW rWUH GpGXLWHV JUkFH DX[ ORLV GH OD UpVLVWDQFH GHV PDWpULDX[
8QH SUHPLqUH pWXGH SRUWH VXU O¶LQI XHQFH GX FRHII FLHQW GH 3RLVVRQ PLFURVFRSLTXH VXU OHV SDUDPqWUHV
PDFURVFRSLTXHV ,O DSSDUDvW TXH SRXU XQH YDULDWLRQ GX FRHII FLHQW GH 3RLVVRQ PLFURVFRSLTXH ν HQWUH 
HW , OH PRGXOH GH <RXQJ PDFURVFRSLTXH YDULH GH , HW OH FRHII FLHQW GH 3RLVVRQ PDFURVFRSLTXH GH
, /¶LQI XHQFH GH FH SDUDPqWUH HVW GRQF WUqV IDLEOH 'H IDoRQ DUELWUDLUH LO VHUD I [p j ν= , SRXU OH
UHVWH GH O¶pWXGH
8QH VHFRQGH pWXGH SRUWH VXU O¶LQI XHQFH GX UD\RQ U  HW GX PRGXOH GH <RXQJ ( GHV OLDLVRQV FRKp
VLYHV SRXWUHV /HV I JXUHV  HW  PRQWUHQW O¶pYROXWLRQ GHV SDUDPqWUHV PDFURVFRSLTXHV HQ IRQFWLRQ GHV FHV
 3RXU V¶DIIUDQFKLU GHV HIIHWV G¶pFKHOOHV O¶pWXGH SRUWH HQ IDLW VXU OH UD\RQ DGLPPHQVLRQp ×U GpI QL SDU OH UDSSRUW HQWUH OH
UD\RQ PLFURVFRSLTXH GHV OLDLVRQV FRKpVLYHV SRXWUHV VXU OH UD\RQ PR\HQ GHV pOpPHQWV GLVFUHWV


),*85(  ± eFKDQWLOORQ QXPpULTXH

D eYROXWLRQ GH (0 HQ IRQFWLRQ GH ( E eYROXWLRQ GH ν0 HQ IRQFWLRQ GH (
),*85(  ± ,QI XHQFH GX PRGXOH GH <RXQJ PLFURVFRSLTXH ( VXU OHV SDUDPqWUHV PDFURVFRSLTXHV (0 HW
ν0
D eYROXWLRQ (0 HQ IRQFWLRQ GH ×U E eYROXWLRQ ν0 HQ IRQFWLRQ GH ×U
),*85(  ± ,QI XHQFH GX UD\RQ DGLPHQVLRQQp PLFURVFRSLTXH ×U VXU OHV SDUDPqWUHV PDFURVFRSLTXHV (0
HW ν0
SDUDPqWUHV PLFURVFRSLTXHV 8QH SDUWLFXODULWp LQWpUHVVDQWH HVW O¶LQGpSHQGDQFH GX FRHII FLHQW GH 3RLVVRQ
PDFURVFRSLTXH ν0 SDU UDSSRUW DX PRGXOH GH <RXQJ PLFURVFRSLTXH ( FI I JXUH E ,O HVW GRQF SRVVLEOH
GH FDOLEUHU ( VDQV DIIHFWHU OH FRHII FLHQW GH 3RLVVRQ PDFURVFRSLTXH ν0 /D PpWKRGH GH FDOLEUDWLRQ VH
GpFOLQH DORUV HQ  pWDSHV 
 &DOLEUDWLRQ GX FRHII FLHQW GH 3RLVVRQ PDFURVFRSLTXH ν0 DYHF OH UD\RQ DGLPHQVLRQQp PLFURVFRSLTXH
×U 'DQV OH FDV GH OD VLOLFH ×UVLOLFD ≈ . FRUUHVSRQG j νVLOLFD0 ≈ . FI I JXUH D
 0LVH HQ RHXYUH G¶HVVDLV GH WUDFWLRQ DYHF OD YDOHXU ×U SUpFpGHPPHQW FKRLVLH SRXU REWHQLU O¶pYROXWLRQ
GH (0 HQ IRQFWLRQ GH (
 &DOLEUDWLRQ GX PRGXOH GH <RXQJ PDFURVFRSLTXH (0 DYHF OH PRGXOH GH <RXQJ PLFURVFRSLTXH (
'DQV OH FDV GH OD VLOLFH (VLOLFD ≈ . *3D FRUUHVSRQG j (VLOLFD0 ≈ . *3D FI I JXUH E
 &DOLEUDWLRQ GHV SDUDPqWUHV PDVVLTXHV
/D VHFWLRQ SUpFpGHQWH LQWURGXLW XQH PpWKRGH GH FDOLEUDWLRQ GHV SDUDPqWUHV pODVWLTXHV DGDSWpH DX[ OL
DLVRQV FRKpVLYHV SRXWUHV ,O HVW DORUV SRVVLEOH GH UHWURXYHU j O¶pFKHOOH PDFURVFRSLTXH XQH YDOHXU GX PRG
XOH GH <RXQJ HW GX FRHII FLHQW GH 3RLVVRQ GpVLUpH %LHQ TXH QpFHVVDLUH FHOD Q¶HVW SDV VXII VDQW $I Q GH
VLPXOHU GHV SKpQRPqQHV G\QDPLTXHV WHOV TXH OHV SURSDJDWLRQV G¶RQGHV PpFDQLTXHV RX GHV SKpQRPqQHV
GH PXOWL I VVXUDWLRQV LO HVW QpFHVVDLUH GH FDOLEUHU pJDOHPHQW OHV SURSULpWpV PDVVLTXHV GX PDWpULDX GLVFUHW

D &DOLEUDJH GH ×U E &DOLEUDJH GH (
),*85(  ± &DOLEUDJH pODVWLTXH GX PDWpULDX VLOLFH
D 'RPDLQH G¶pWXGH GLVFUpWLVp HQ GHX[ pOpPHQWV GLVFUHWV E 'RPDLQH G¶pWXGH GLVFUpWLVp HQ YLQJW pOpPHQWV GLVFUHWV
),*85(  ± ,OOXVWUDWLRQ GHV GRPDLQHV G¶pWXGH GH FRQYHUJHQFH G\QDPLTXH
/D PpWKRGH UHWHQXH HVW WUqV VLPSOH  LO V¶DJLW GH FRPSHQVHU OHV YLGHV JpQpUpV SDU OD PpWKRGH GH
FRPSDFWLRQ HQ DVVXUDQW XQH pJDOLWp GH PDVVH HQWUH GRPDLQH GLVFUHW HW GRPDLQH FRQWLQX 3RXU FH IDLUH
OD PDVVH YROXPLTXH GHV pOpPHQWV GLVFUHWV HVW DMXVWpH HQ FRQVpTXHQFH 3RXU pWXGLHU FHWWH DSSURFKH XQH
VpULH GH WHVWV GH FRQYHUJHQFH RQW pWp PHQpV
8Q GRPDLQH GLVFUHW FRPSRVp GH SDUWLFXOHV DOLJQpHV HVW FKDUJp G\QDPLTXHPHQW HQ WUDFWLRQ I H[LRQ
SXLV WRUVLRQ /¶pOpPHQW GLVFUHW GH JDXFKH HVW I [H /H FKDUJHPHQW HVW DSSOLTXp j O¶pOpPHQW GLVFUHW GH
GURLWH YRLU I JXUH  /¶pWXGH GH FRQYHUJHQFH SRUWH VXU OH QRPEUH G¶pOpPHQWV GLVFUHWV PLV HQ MHX GH  j
 /HV UpVXOWDWV QXPpULTXHV SpULRGHV G¶RVFLOODWLRQ VRQW FRPSDUpV DX[ VROXWLRQV DQDO\WLTXHV LVVXHV GH
OD YLEUDWLRQ GHV PLOLHX[ FRQWLQXV GDQV OH FDV GH SRXWUHV G¶(XOHU%HUQRXLOOL >   @
/HV UpVXOWDWV REWHQXV PRQWUHQW XQH FRQYHUJHQFH GDQV OH FDV GH OD WUDFWLRQ YRLU I JXUH D HW GH OD
I H[LRQ YRLU I JXUH E /H FDV GH OD WRUVLRQ HVW SOXV SUREOpPDWLTXH YRLU I JXUH F FRXUEH 1XPHULFDO
PDVV (Q HIIHW O¶pJDOLWp GH PDVVH Q¶DVVXUH SDV O¶pJDOLWp GHV LQHUWLHV 3RXU YpULI HU FHWWH K\SRWKqVH
XQH GHX[LqPH pWXGH GH FRQYHUJHQFH D pWp PHQpH HQ SUHQDQW O¶LQHUWLH D[LDOH G¶XQ F\OLQGUH DX OLHX GH
FHOOH G¶XQH VSKqUH YRLU I JXUH F FRXUEH 1XPHULFDO LQHUWLD 'DQV FH FDV OHV UpVXOWDWV FRQYHUJHQW YHUV
OD VROXWLRQ WKpRULTXH 0DLV FHV GHX[ FULWqUHV VRQW LQFRQFLOLDEOHV 7RXWHIRLV O¶pJDOLWp GH PDVVH SHUPHW
XQH VROXWLRQ DSSURFKpH j   SUpV 'H SOXV GDQV XQH VLPXODWLRQ '(0 PDVVLYH IDLVDQW LQWHUYHQLU XQ
QRPEUH LPSRUWDQW G¶pOpPHQWV GLVFUHWV OD FRQWULEXWLRQ GH O¶pQHUJLH ORFDOH GH WRUVLRQ HVW QpJOLJHDEOH (Q
FRQFOXVLRQ O¶HUUHXU GH  Q¶HVW SDV SpQDOLVDQWH SRXU GHV VLPXODWLRQV '(0 PDVVLYHV
 9DOLGDWLRQ
&HWWH VHFWLRQ SURSRVH GH YDOLGHU OHV PpWKRGHV GH FDOLEUDWLRQ /H PDWpULDX GH UpIpUHQFH HVW OH YHUUH GH
VLOLFH GRQW OHV SURSULpWpV VRQW  XQ PRGXOH GH <RXQJ GH , *SD XQ FRHII FLHQW GH 3RLVVRQ GH , HW
XQH PDVVH YROXPLTXH GH  NJ/P /H PDWpULDX GLVFUHW HVW FDOLEUp GH IDoRQ j REWHQLU FHV SURSULpWpV
PDFURVFRSLTXHV VXLYDQW OHV PpWKRGRORJLHV SUpVHQWpHV DX[ VHFWLRQV  HW 
3RXU YDOLGHU OHV FDUDFWpULVWLTXHV pODVWLTXHV O¶pFKDQWLOORQ QXPpULTXH YRLU I JXUH  HVW VRXPLV j GHV
WHVWV GH WUDFWLRQ I H[LRQ HW WRUVLRQ TXDVL VWDWLTXHV /HV FULWqUHV GH YDOLGDWLRQ UHWHQXV VRQW OHV GpSODFHPHQWV

D 7UDFWLRQ E )OH[LRQ F 7RUVLRQ
),*85(  ± 3pULRGH G¶RVFLOODWLRQ VRXV VROOLFLWDWLRQ G\QDPLTXH
D W ≈ . V E W ≈ . V F W ≈ . V G W ≈ . V H W ≈  V
),*85(  ± ,OOXVWUDWLRQ GX GpSODFHPHQW GX IURQW G¶RQGH PpFDQLTXH
HW URWDWLRQV GH O¶H[WUpPLWp OLEUH /H WDEOHDX VXLYDQW UpFDSLWXOH OHV UpVXOWDWV REWHQXV HQ OHV FRPSDUDQW DX[
VROXWLRQV WKpRULTXHV
7UDFWLRQ )OH[LRQ 7RUVLRQ
&ULWqUHV 'pSODFHPHQW ORQJLWXGLQDO 'pSODFHPHQW WUDQVYHUVH 5RWDWLRQ
'LIIpUHQFH .  .  . 
3RXU YDOLGHU OH FRPSRUWHPHQW G\QDPLTXH OH PrPH pFKDQWLOORQ QXPpULTXH HVW VRXPLV j GHV WHVWV GH
WUDFWLRQ I H[LRQ WRUVLRQ G\QDPLTXHV /HV FULWqUHV GH YDOLGDWLRQ UHWHQXV VRQW OHV SpULRGHV G¶RVFLOODWLRQ HQ
GpSODFHPHQW HW URWDWLRQ GH O¶H[WUpPLWp OLEUH 8Q WHVW GH FKRF D pJDOHPHQW pWp PHQp DI Q GH PHVXUHU OD
YLWHVVH GH SURSDJDWLRQ GH O¶RQGH PpFDQLTXH DX VHLQ GX PLOLHX GLVFUHW FI I JXUHV  /H WDEOHDX VXLYDQW
UpFDSLWXOH OHV UpVXOWDWV REWHQXV HQ OHV FRPSDUDQW DX[ VROXWLRQV WKpRULTXHV












'LIIpUHQFH .  .  .  . 
 &RQFOXVLRQ
/D VHFWLRQ  SUpVHQWH OH PRGqOH GH OLDLVRQ FRKpVLYH SRXWUH &H PRGqOH SHUPHW JUkFH j O¶LQWURGXFWLRQ
GH ULJLGLWpV GH I H[LRQ DX QLYHDX PLFURVFRSLTXH G¶REWHQLU XQ HIIHW GH VWULFWLRQ DX QLYHDX PDFURVFRSLTXH
&¶HVW XQ DYDQWDJH FRQVLGpUDEOH GH FH PRGqOH
/D VHFWLRQ  D SHUPLV GH GpI QLU GHV FULWqUHV GH YDOLGDWLRQ GX GRPDLQH FRPSDFW LQLWLDO 8QH PpWKRGH GH
PHVXUH RULJLQDOH GH O¶DQLVRWURSLH JpRPpWULTXH D pWp LQWURGXLWH 3XLV XQ FULWqUH GH I QHVVH GH GLVFUpWLVDWLRQ
D pWp SUpVHQWp DI Q G¶DVVXUHU XQH VWDELOLWp GHV SURSULpWpV JpRPpWULTXHV GX GRPDLQH
/D VHFWLRQ  LQWURGXLW XQH PpWKRGH GH FDOLEUDWLRQ GHV SDUDPqWUHV pODVWLTXHV PLFURVFRSLTXHV GHV OL
DLVRQV FRKpVLYHV SRXWUHV &HWWH PpWKRGH EDVpH VXU XQH pWXGH SDUDPpWULTXH SHUPHW GH UHVWLWXHU j O¶pFKHOOH
PDFURVFRSLTXH OHV YDOHXUV VRXKDLWpHV GX PRGXOH GH <RXQJ HW GX FRHII FLHQW GH 3RLVVRQ

/D VHFWLRQ  GpFULW XQH PpWKRGH GH FDOLEUDWLRQ GHV SDUDPqWUHV PDVVLTXHV PLFURVFRSLTXHV /D GHQVLWp
GHV pOpPHQWV GLVFUHWV HVW FDOFXOpH GH IDoRQ j JDUDQWLU O¶pJDOLWp GH PDVVH HQWUH GRPDLQH GLVFUHW HW GRPDLQH
FRQWLQX
/D VHFWLRQ  PHW HQ DSSOLFDWLRQ OHV PpWKRGHV GH FDOLEUDWLRQ /H PDWpULDX QXPpULTXH HVW VRXPLV j XQH
EDWWHULH GH WHVWV GRQW OHV UpVXOWDWV VRQW FRPSDUpV DX[ PRGqOHV DQDO\WLTXHV /HV WDEOHDX[ UpFDSLWXODWLIV
PRQWUHQW GHV VROXWLRQV QXPpULTXHV HQ DFFRUG DYHF OHV VROXWLRQV WKpRULTXHV
$YHF OD PpWKRGRORJLH SUpVHQWpH XQ PRGqOH '(0 TXDQWLWDWLI GH PDWpULDX KRPRJqQH HW LVRWURSH HVW
REWHQX /D PpWKRGH '(0 HVW OD SOXV VRXYHQW XWLOLVpH FRPPH XQ PRGqOH GH GHVFULSWLRQ HW GH FRPSUpKHQ
VLRQ TXDQWLWDWLYH GH SKpQRPqQHV FRPSOH[HV FRPPH OH IURWWHPHQW OD IUDFWXUDWLRQ RX ELHQ OHV FKRFV
&H WUDYDLO HVW XQ SUHPLHU SDV YHUV XQ RXWLO QXPpULTXH SUpGLFWLI SRXU FHWWH FODVVH GH SUREOqPH GRQW OD
UpVROXWLRQ UHVWH HQFRUH DXMRXUG¶KXL SUREOpPDWLTXH
5pIpUHQFHV
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
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PHGLD 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